Objective: To evaluate the incidence, types and association of systemic reactions after an epidural steroid injection (ESI) with patient demographics, ESI factors and repeated occurrence of an ESI. Materials and Methods: This prospective observational study was approved by the Institutional Review Board of our hospital, and written informed consent was obtained from all the participants. From October to December 2011, systemic reactions at 2 weeks after 960 ESIs among 885 patients were measured. Patients were evaluated by phone interviews to obtain the patients' demographics, history of previous ESI, ESI factors, and ESI reoccurrence. Statistical analyses were performed using the chi-square tests, Fisher's exact tests and a binary logistic regression analysis. Results: Overall, 557 types of systemic reactions occurred after 292 injections (30.4%) of a total of 960 ESIs in which facial flushing was most common (131/557, 23.5%) and 144 ESIs were followed by a mixed form of systemic reactions (49.3%). Age of 62 years or younger (odds ratio [OR], 2.361), female sex (OR, 1.674), and history of diabetes mellitus (OR, 1.681) were significant risk factors in the occurrence of systemic reactions after an ESI. In 73 patients with repeated ESI, 14 patients re-experienced systemic reactions (19.2%), of which twelve re-experienced the same systemic reaction as the previous one. Conclusion: Systemic reactions followed about 30% of ESIs, and more commonly occurred in patients 62 years of age or younger, women, and diabetic patients. Half of the patients experienced a mixed form of systemic reactions. Patients with recurring systemic reactions tend to re-experience the same systemic reaction as the prior one after an ESI.
INTRODUCTION
Korean J Radiol 19 (2) , Mar/Apr 2018 kjronline.org based on chart reviews; 2) different types and doses of steroid drugs were used; 3) duration between the ESI and follow-up varied between the studies; and, 4) the occurrence of systemic or local adverse reactions was not investigated in terms of its relationship to the number of reoccurences of ESI, patients' demographics such as age and sex, and underlying diseases such as diabetic mellitus or hypertension.
Therefore, we conducted this prospective observational study to determine the incidence and types of systemic reactions occurring after an ESI in a large population, and to evaluate their association with factors such as patients' demographics (age, sex, and underlying disease), ESI factors (injection method, injection site, type and dose of steroid, and injection practitioner) and recurrence of an ESI.
MATERIALS AND METHODS

Patients
This prospective observational study was approved by the Institutional Review Board of our hospital, and written informed consent was obtained from all the participants. This study was originally designed to have 1000 ESIs, according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (21) . This study was registered with the Clinical Trials Registry (NCT01756196).
All patients were referred by clinicians for an injection treatment for low back pain, cervical pain, or radiculopathy. All injection treatments were performed after an interview by two professors of spine pain intervention (with 13 and 7 years of experiences in spine pain intervention) at our institute from October to December 2011. Patients with persistent pain despite conservative treatment (e.g., oral analgesics), who showed 5 points or more on the visual analog scale, whose suspected cause of their pain was documented on CTs or MRIs (e.g. disc herniation or spinal stenosis), and who had no history of absolute/relative contraindications of ESI (e.g., uncorrected coagulopathy, pregnancy, suspected infection) were included. All patients that received an injection were informed of the aim and protocol of this study as well as the possible systemic reactions associated with an ESI. We recorded underlying diseases such as diabetes mellitus and hypertension, anticoagulant medication, and history of previous ESIs. After excluding 3 patients who denied consent and 5 patients who received non-ESI treatment (i.e., one piriformis injection; 2 ganglion impar blocks; one sacroiliac joint injection; and one shoulder injection) from the scheduled 1000 injection cases, 992 ESIs were performed in 915 patients: a single injection in 840 patients, a double ESI in 73 patients, and a triple ESI in two patients. After excluding 32 cases who did not participate in phone interviews (32/992, drop rate of injections = 3.2%), 960 ESIs in 885 patients were finally included in this study (Fig.  1 ). Baseline demographics of the 885 patients are listed in Table 1 .
ESI
In this study, various methods and drugs were used for ESIs, and combination of injection methods and injection sites were permitted during each ESI (Table  2 ). All procedures were performed using 22-or 25-gauge spinal needles under fluoroscopic guidance by one of four radiologists (13 years, 7 years, and 2 with one year of experience in spine pain interventions). Triamcinolone acetonide (Triam 40 mg/mL; Shin Poong Pharm, Seoul, Korea) was used for all procedures except for the transforaminal epidural injections to the cervical spine, which was performed using Dexamethasone Disodium Phosphate (5 mg/mL; Huons, Seongnam, Korea). The total daily dose of steroid was limited to 40 mg of triamcinolone acetonide or 10 mg of dexamethasone disodium phosphate; doses for multiple ESIs on a single day were calculated 
Analysis of Systemic Reactions after an ESI
All patients were scheduled to receive a phone call 2 weeks after each ESI. The mean time interval between the ESI and phone call was 15 days (range, 12−25 days). All phone interviews were conducted by an expert nurse with 2 years of experience in the outpatient clinic for spinal intervention. During the phone interview, patients were asked to report any systemic reactions after the ESI. The list of systemic reactions included facial flushing, itching or allergic reaction, headache, cardiovascular disorders (chest pain, palpitation, increased blood pressure, etc.), night sweats, fever or chilling sense, menstrual change (cyclic irregularity, menorrhagia, etc.), erectile dysfunction, urination difficulty, increased blood glucose level, gastrointestinal disorders (nausea, vomiting, diarrhea, constipation, incontinence, etc.), psychiatric issues (insomnia, psychosis, etc.), weight change, change in appetite, general weakness, dizziness, polyuria, thirst, tinnitus, hiccups, eye problems (blood-shot eye, blurred vision, etc.), and hair loss.
Statistical Analysis
The occurrence of systemic reactions after an ESI was investigated by the chi-square test or Fisher's exact test according to the patients' demographics (i.e., history of hypertension or diabetes mellitus, anticoagulant medication, age, and sex), and factors associated with ESIs (i.e., injection number, injection site, method, dose and type of steroid, and injection practitioner). Binary logistic regression analysis was used to estimate the risk of systemic reactions based on patients' baseline demographics, defined as exp(B) (odds ratio, OR). Sub-group analyses were also conducted for the patients with diabetes mellitus, hypertension, and reccurring ESI. A p value of less than 0.05 was considered significant. All statistical analyses were performed using a statistical software (PASW, version 17.0; SPSS Inc., Chicago, IL, USA).
RESULTS
Overall, 557 types of systemic reactions occurred after 292 injections out of a total of 960 ESIs (292/960, 30.4%) in 271 patients (271/885, 30.6%) ( kjronline.org spontaneously, and no major complications that required hospitalization or intensive medical treatment was reported. Based on the patients' mean age (62 years), the overall incidence of systemic reaction was significantly more common in patients of 62 years of age or younger (160/389 patients, 41.1%) than in patients who were over 62 years of age (121/496 patients, 24.4%; p < 0.001). With respect to sex, systemic reactions were more frequently present in women (193/547, 35.3%) than in men (88/338, 26.0%; p = 0.005). However, a history of hypertension, diabetes mellitus, or anticoagulant medication was not significantly related to the overall incidence of systemic reactions (p > 0.05). A calculation of the risk estimation using binary logistic regression revealted that an age of 62 years or younger (OR, 2.361), female sex (OR, 1.674), and history of diabetes mellitus (OR, 1.681) were significant risk factors in the occurrence of systemic reactions after an ESI ( Table 4) .
The method, site, type and dose of steroid, and injection practitioner of an ESI were not associated with the occurrence of systemic reactions (p > 0.05). The number of previous ESIs and the time interval between ESIs were not related with the incidence of systemic reactions (p > 0.05).
Among 130 ESIs among 118 diabetic patients, 89 types of systemic reaction occurred after 49 ESIs (49/130, 37.7%) in 46 patients (46/118, 39.0%) and an increased blood glucose level was the most frequent symptom (27/89, 30.3%; 27/46 patients, 58.7%). Only a half dose of steroid was supposed to be injected for diabetic patients; however, fifteen patients (11.5%, 15/118 patients) had an ESI using a full-dose of steroid (i.e., triamcinolone 40 mg) because knowledge of the presence of diabetes mellitus did not occur until after the ESI versus during patient enrollment when patients' histories were obtained. Facial flushing (12/89, 13.5%; 11/46 patients, 23.9%), constipation (8/89, 9.0%; 8/46 patients, 17.4%), and psychiatric problems (9/89, 10.1%; 9/46 patients, 19.6%) were also common in diabetic patients (Table 5) .
In (Table 5 ).
In 73 patients with two or more ESIs during the study period (mean time interval between ESIs, 39.6 days; range, 7-176 days), 14 patients re-experienced systemic reactions (14/73, 19.2%). Twelve of those 14 patients had the same form of systemic reaction as the previous ESI and two had mixed forms with the same and different systemic reactions. Facial flushing was the most common reaction and occurred in 7 patients (7/14, 50%). Systemic reactions after repeated ESIs are presented in Table 6 .
DISCUSSION
Epidural steroid injections have been used worldwide for the conservative management of spinal pain, and its effectiveness and safety has been widely reported (1-7). However, many studies have reported a wide range of complications such as minor or major local or systemic reactions (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) . In clinical practice, it is very important for practitioners to understand the possible complications of ESI in order to prevent and manage them.
Previous studies have reported a very wide range of overall incidence of adverse reactions: 0.8−86.5% with 0.08−12.1% representing systemic reactions, due to the heterogeneity of the study designs (Table 7) . In this study, the overall incidence of systemic reactions was relatively high at 30.4%, compared to several previous studies (8) (9) (18) (19) (20) . Only one study revealed a high incidence of systemic reactions with a significant difference between the cervical and lumbar ESIs; however, it did not evaluate kjronline.org the relationship with the underlying disease (15) . In contrast, our study revealed a significantly high risk of increased blood sugar levels in diabetic patients. Another study demonstrated a significant difference in the incidence of adverse reactions between interlaminar (6.0%) and transforaminal (2.1%) ESIs (18) . In our study, however, no significant difference according to the site (cervical vs. lumbar spine) (p = 0.057) or the method of ESI (p = 0.590) was noted. In our study, there was also no difference according to the injection practitioners (p = 0.789), which could not be compared to other studies because that comparison has not been studied previously. kjronline.org
It may be difficult to perform a direct comparison between the results of previous studies and those of our study because in several of the previous studies, the systemic reactions are not explained in detail. These studies were focused on the immediate complications after an ESI, with little interest in the patients' demographics such as an underlying disease or the number of previous ESIs (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Botwin et al. (12) demonstrated that adverse reactions were more commonly witnessed in patients older than 70 years; however, another study by Botwin et al. (13) showed no differences in adverse reactions according to the age and history of a prevous ESI. In our study, systemic reactions occurred more frequently in patients 62 years of age or younger which suggest that this population has more significiant risk (OR, 2.361).
Botwin et al. (11) reported no mixed forms of systemic reactions; whereas, in our study, about half of the ESIs that were followed by a systemic reaction had mixed forms consisting of two types of systemic reactions or more (144/292, 49.3%). This result may indicate that patients who are susceptible to one adverse response after an ESI may suffer from a wide range of complications. On the other hand, no difference in incidence of systemic reactions according to the number of previous ESIs during the previous 6 months was noted (p = 0.940). This suggests that systemic reactions do not occur as a result of a cumulative effect of ESIs.
In this study, after a repeated ESI, systemic reactions recurred in 14 patients (14/73), among whom 12 had the same form as the occurrence after a previous ESI. Thus, this implies that the pattern of recurrent systemic reactions may be similar.
In this study, an increased blood glucose level was the most frequent systemic reaction in diabetic patients. In a previous study in which glucose tolerance was evaluated in only 5 diabetic patients after a lumbar ESI using 80 mg of methylprednisolone, no effect was reported on the glycemic control in diabetic patients (41) . At the same time, two recent studies demonstrated a significant ephemeral increase in blood glucose levels after an ESI in the lumbar spine using betamethasone (i.e., a variable dose according to the injection method in 1 patient; 40 mg betamethasone in the other patients), which are similar to the results of this study (42) (43) . However, we did not obtain serial measurements of the glucose level after ESIs and we used a different steroid (triamcinolone, 40 mg) in both nondiabetic and diabetic patients. The increased blood glucose levels were entirely dependant on the diabetic patients' self-check conducted at home. So, the results of this study regarding increased blolod glucose level must be interpreted and adopted in clinical practice with caution. Nevertheless, the occurrence of many diabetic patients experiencing transient but abnormal and abrupt increases in blood glucose levels in our study may suggest a risk or trend of transient but abrupt increases in blood glucose levels among diabetic patients after an ESI.
Cardiovascular symptoms were the second most common reaction in hypertensive patients. This outcome could not be compared to previous studies because hypertensive patients have not yet been evaluated in this regard. However, it was impossible to measure blood pressure objectly in both of kjronline.org the normotensive and hypertensive patients and adjust the variables such as the method or timing of blood pressure measure or the use of antihypertensive druga. Thus, our results may solely raise a possibility of a transient increase in blood pressure in hypertensive patients after an ESI. Our study has the following limitations. First, systemic reactions after ESIs were investigated after only a short period of time (i.e., 2 weeks) after the ESI; so, longterm follow-up results could not be evaluated. Second, follow-up measurements of blood glucose levels were not performed in either non-diabetic nor diabetic patients and only was evaluated by the patients' self-report of blood glucose test results. Therefore, it was not possible to calculate the degree of increase in blood glucose levels as a percentage objectively. In addition, we failed to adjust for the effects of hypoglycemic agents and injected steroid doses which could influence the results related to blood glucose levels. Likewise, the follow-up measurements of blood pressure were also not obtained in both normotensive and hypertensive patients. Moreover, considering many factors influence blood pressure, such as the timing of and method for blood pressure measurement or antihypertensive drugs, the increase in blood pressure due to an ESI may be subjective or inaccurate in our study. Nevertheless, in this study, many diabetic patients complained or worried about an increase in blood glucose levels and many hypertensive patients were nervous also about an increase in blood pressure after an ESI. Therefore, our results suggests a possible risk related to ESIs.
In conclusion, systemic reactions occur in about 30% of ESIs, especially among patients that are 62 years of age or younger, women, and diabetic patients. Approximately half of the patients will experience a mixed form of systemic reactions. Furthermore, for those experience recurrence of an ESI, the same systemic reaction may result as previously occurred after an ESI.
